Ovarian-type epithelial tumors rarely occur in the human testis and paratesticular region. Histologically, these tumors closely resemble their ovarian counterparts and are therefore classified similarly to ovarian epithelial tumors. Most reported ovarian-type tumor cases are serous tumors, but the full spectrum of ovarian neoplasms has been described, including mucinous, endometrioid, clear cell, and Brenner tumors. In this review, we describe the clinical, morphologic, and immunohistochemical features of Mullerian-type epithelial tumors seen in the testis, with an emphasis on comparison with ovarian tumors. We also discuss theories of pathogenesis, considerations in the differential diagnosis, and recent advances in molecular characterization and therapeutic modalities. Cite this article: Lin MS, Ayala AG, and Ro JY: Ovarian-type tumors (Mullerian tumors) of the testis: Clinicopathologic findings with recent advances. Ann Urol Oncol 2019; 2(1): 36-45. https://doi.
Introduction
Ovarian-type epithelial tumors of the testis are very rare, with approximately 100 cases reported in the literature; they are estimated to comprise 5-7% of non-germ cell testicular tumors [1] . Serous tumors are the most commonly reported tumor type, followed by (in descending order of frequency) mucinous, Brenner, endometrioid, and clear cell tumors [2] . While these tumors are histologically similar to their ovarian namesakes, in some cases, they display distinct clinical associations and immunohistochemical characteristics, and also warrant a unique approach of differential diagnosis. Additionally, because they are so rare, their clinical behavior and overall prognostication compared to ovarian tumors is still not well understood.
Ovarian-type epithelial tumors of the testis most frequently occur in middle-aged males; the mean age of presentation is 50 years [2, 3] . Most tumors present as painless scrotal swelling or palpable scrotal masses, occasionally with associated hydroceles [3, 4] . The location of the tumor may be either intratesticular or paratesticular, with most paratesticular tumors arising from the tunica vaginalis or the testiculo-epididymal groove [4] . While benign and borderline tumors generally remain localized, malignant tumors are capable of distant metastasis. Commonly reported metastatic sites include lymph nodes, peritoneum, and lungs [5] . The pathogenesis of ovarian-type epithelial tumors of the testis is still not fully understood, and several theories have been proposed for their histologic origin. One of the more widely propounded theories hypothesizes that these tumors arise from Mullerian remnants in the testicular region including the appendix testis, a Mullerian vestige located at the upper pole of the testis. Mullerian epithelial cell rests are also found in the connective tissue between the testis and epididymis and in the spermatic cord [4, 6] . As many tumors are found in the paratestis, particularly the testiculoepididymal groove, this theory would sufficiently explain the histogenesis of these tumors [4, 6] . Another possible origin of ovarian-type neoplasms in the testis is via Mullerian metaplasia of the mesothelium lining of the tunica vaginalis, which is consistent with the large proportion of tumors arising from the tunica vaginalis [4, 6] . As the mesothelium of the ovary is believed to undergo Mullerian metaplasia to differentiate into surface epithelial neoplasms, it is not unreasonable to surmise that the mesothelium of the tunica vaginalis may have a similar capacity. The pathogenesis of intratesticular tumors is less clear, but it has been hypothesized that they develop from entrapped Mullerian or mesothelial inclusions within the testicular parenchyma [4] . Also, specific theories of pathogenesis have been considered for the origin of mucinous and Brenner tumors of the testis. It has been speculated that intratesticular mucinous tumors may be of germ cell origin and develop from one-sided differentiation of teratomas , as mucinous glands have been reported in association with teratomatous tumors. However, the increased age of presentation and the lack of associated intratubular germ cell neoplasia in intratesticular mucinous tumors do not support this theory [4, 7] . Brenner tumors of the testis have been hypothesized to originate from Walthard cell rests, which in turn arise from urothelial metaplasia of mesothelium. A previous report of a paratesticular Brenner tumor associated with an adenomatoid tumor, which derives from the mesothelium, lends further credence to this theory [4, 8] .
Ovarian-type tumors of the testis

Serous tumors
Serous tumors, comprising benign serous cystadenomas, serous borderline tumors (SBTs), and serous carcinomas, are the most common ovarian-type neoplasm arising in the testicular region, with approximately 60 cases reported in the literature thus far [1, [4] [5] [6] . The location of the mass may be either intratesticular or paratesticular. Interestingly, a large proportion of serous cystadenomas present in the epididymis, an anatomical distribution not observed in other ovarian-type testicular tumors [9] [10] [11] 15] . Serous cystadenomas usually appear as uniloculated or multiloculated cystic structures surrounded by a thin fibrous capsule containing clear watery fluid [1, 9] . SBTs may be either solid, cystic, or have components of both, often with papillary excrescences arising from the cyst wall [4, 6] . In contrast, serous carcinomas are usually solid, ill-defined masses, sometimes with a characteristic gritty quality due to calcifications [3, 5] .
Microscopically and immunohistochemically, serous tumors closely resemble their ovarian counterparts ( Table 1) . Serous cystadenomas are composed of cysts lined by a single layer of cuboidal epithelium with occasional ciliated cells (Figure 1a ) [1, 9] . No atypia or mitosis is present, with papillary projections occasionally observed, but often absent [1, 10] . In contrast, SBTs usually display papillary structures lined by focally stratified and ciliated cuboidal or columnar epithelium with mild cytologic atypia and occasional psammoma bodies (Figure 1b) [4, 6] . Serous carcinomas are characterized by stromal invasion, which can be recognized by the presence of desmoplastic response, isolated papillae within artifactual clear spaces, or a solid pattern of neoplastic proliferation (Figure 1c ) [3, 36] . There often is an associated component of SBT, which is rarely observed in ovarian serous carcinomas and only in the context of low-grade serous carcinomas, which comprise only approximately 5% of ovarian serous cancers [36, 45, 46, 62] . Therefore, this frequent association of borderline differentiation with serous carcinoma in the testis suggests that low-grade carcinomas may make up a much larger proportion-if not virtually all-of the reported cases of serous carcinomas of the testis, a characteristic that is in stark contrast to ovarian carcinomas.
The immunohistochemical profile of testicular serous tumors is virtually indistinguishable from that of ovarian serous tumors [18, 19] . Most cases are cytokeratin (CK)7-positive, and CK20negative, and also display expression of other epithelial markers, including CAM5.2, AE1/AE3, Ber-EP4, and MOC-31 [6, 36] . In addition, consistent positivity for markers of Mullerian differentiation, such as PAX-8, WT-1, estrogen receptor (ER), progesterone receptor (PR), and CA-125, has been observed [5, 18] . Some cases also exhibit reactivity to CA19-9, carcinoembryonic antigen (CEA), S100, and Leu-M1 (CD15) [19, 20] . However, in all cases authors reported negative staining for mesothelial markers (such as calretinin, D2-40, and thrombomodulin), mesonephric markers (such as GATA3 and CD10), and germ cell markers (such as OCT4 and placental alkaline phosphatase [PLAP]) [5, 20] . Ki-67 proliferation index has been reported as less than 1% in serous cystadenoma, 5.5% in serous borderline tumor, and up to 80-85% in serous carcinoma [6, 10, 38] .
The main entities considered in the differential diagnosis of serous tumors of the testis include malignant mesothelioma and rete testis adenocarcinoma. Clinically, malignant mesothelioma is more often associated with hydroceles and previous asbestos exposure [60, 63] . While histologically mesothelioma may display papillary structures lined by cuboidal epithelium similar to serous tumors, typically no stratification, cellular tufting, or ciliation of cells is observed [6, 36] . Immunohistochemically, mesotheliomas stain positively for calretinin, D2-40, and thrombomodulin, and stain negatively for Leu-M1 (CD15), MOC-31, ER, and PR. Serous tumors display an opposite profile, which renders the differentiation of these two entities fairly straightforward when immunohistochemistry is performed [5, 36, 60] . Adenocarcinomas of the rete testis by definition must be centered at the testicular hilum, and are additionally are characterized by solid or slit-like tubular architecture. Their composing cells also often display more atypia than those of serous tumors [4, 41] . Immunohistochemical staining for CD10 and GATA3, which are positive in rete testis adenocarcinoma and negative in serous tumors, is a useful characteristic to distinguish these entities [3] .
Generally, the clinical course of benign and borderline serous tumors is very favorable, with no reports of recurrence or metastasis following complete orchiectomy. Prognosis for serous carcinoma is more guarded, with reports of metastatic disease to the lymph nodes, peritoneum, lungs, adrenal glands, and leptomeninges [37] [38] [39] [40] 45] . Overall, metastasis occurred in 26% of reported serous carcinoma cases, and death from disease followed in half of those cases.
Mucinous tumors
Approximately 30 cases of mucinous cystadenoma, mucinous borderline tumors (MBTs), and mucinous adenocarcinoma have been reported in the literature [7, . Grossly, the average size of mucinous testicular tumors is 4.2 cm, significantly smaller than ovarian tumors (which frequently exceed 10 cm); studies have hypothesized that this difference may result from the more superficial location of testicular tumors, which could cause patients to seek clinical attention at an earlier stage when the tumor is of smaller size [7] . In comparison to ovarian tumors, testicular mucinous cystadenomas and carcinomas are more often unilocular [7, 65] . Histologically, mucinous tumors are characterized by cystic cavities lined by tall columnar bland mucinous epithelium, which may be either endocervical-type or intestinal-type with goblet cells [7, 65] . MBTs display complex intracystic papillary projections lined by endocervical or intestinal-type epithelium with focal stratification and variable nuclear atypia [7, 64] . Mucinous adenocarcinomas demonstrate features of stromal invasion, such as infiltrating cords within the stroma inciting a desmoplastic response, or a conf luent, cribriform glandular architecture composed of cells displaying marked atypia [7, 84] . Interestingly, while ovarian mucinous cystadenomas are almost always composed of endocervical-type epithelium, testicular mucinous cystadenomas more often show intestinal-type epithelium with interspersed goblet cells [65, 74, 75, 91] . In addition, testicular tumors often show various trauma-related changes, such as chronic lymphoplasmacytic inflammation, fibrosis, mucin extravasation, cholesterol clefts, calcification, or metaplastic ossification. These features, which are not characteristic of ovarian mucinous tumors, are presumably due to the more superficial location of testicular tumors and resultant trauma [7, 65] .
The immunohistochemical profile of testicular mucinous tumors differs from that of ovarian tumors in several aspects. The vast majority of testicular mucinous tumors are CK7negative and CK20-positive, regardless of endocervical or intestinal differentiation; a few CK7-positive and CK20-positive examples have been reported [69, 71, 75, 80, 86] . In contrast, ovarian mucinous tumors are either CK7-positive and CK20positive (if intestinal-type) or CK7-positive and CK20-negative (if endocervical-type) [91, 92] . In addition, testicular tumors consistently display negative expression of markers for Mullerian differentiation, including WT-1, PAX-8, ER, PR, and CA-125. Ovarian cystadenomas, intestinal-type borderline tumors, and carcinomas are also negative for these markers, but endocervicaltype borderline tumors do exhibit positivity [64, 92] . A few studies analyzing MUC expression in testicular mucinous tumors have shown 100% MUC2 positivity with variable MUC5AC positivity. Conversely, ovarian tumors have exhibited variable MUC2 positivity and 100% MUC5AC positivity [67, 68, 84] . These stark differences in immunohistochemical staining may reflect a fundamentally different pathogenesis for testicular and ovarian mucinous tumors. Currently, the origin of neither tumor type is well established, with ovarian endocervicaltype mucinous tumors thought to possibly arise from mucinous metaplasia within endometriotic cysts, and intestinal-type tumors possibly arising from mucinous epithelium in the ovarian hilum, Brenner tumors, or mature cystic teratomas [93, 94] . Differential diagnosis of intratesticular mucinous neoplasms can include teratoma, an entity also potentially implicated in the pathogenesis of these tumors, as previously discussed [4, 7] . Generally, presentation at an older age and lack of other teratomatous components or germ cell neoplasia in situ can help distinguish mucinous tumors from conventional teratomas [7] . Another entity that must be considered in the differential diagnosis of testicular mucinous tumors, particularly cystadenocarcinomas, is metastatic mucinous carcinoma, such as those from gastric, colorectal, or pancreatic primary sites [7, 80] . In addition to the clinical history of a primary tumor at another site, characteristics suggestive of metastasis include bilateral or multifocal involvement, an interstitial pattern of proliferation, and presence of lymphovascular invasion [7] . Another possibility that should be considered in the differential diagnosis is the spread of an appendiceal mucinous tumor along the peritoneal surface to the paratesticular region via an inguinal hernia sac [7] . In comparison to testicular mucinous tumors, appendiceal mucinous tumors typically display more abundant extracellular mucin with a negligible cystic component. However, because appendiceal mucinous tumors display similar CK7 and CK20 expression patterns to testicular mucinous tumors, these markers cannot be used to reliably differentiate between these two neoplasms [7] .
Mucinous cystadenomas and MBTs of the testis have a benign clinical course [64] . In contrast, mucinous adenocarcinomas do have significant metastatic potential. Of the nine cases reported in the literature, metastasis was reported in three cases with death occurring in two of those cases [7, 86, 87] . Experience with the clinical course and treatment of testicular mucinous adenocarcinoma is currently very limited [87] .
Endometrioid tumors
Five cases of testicular tumors with endometrioid differentiation have been reported in the literature, including one benign endometriosis-like lesion, one borderline endometrioid tumor, and three malignant endometrioid tumors (two endometrioid cystadenocarcinomas and one endometrioid adenoacanthoma) [4, [95] [96] [97] . Interestingly, two cases arose in association with estrogen therapy for prostate cancer, implicating hormonal alterations as a possible factor in the etiology and pathogenesis of these tumors [4, 95] . Grossly, the tumors had a wide range of appearances and presented as solid or cystic masses. Both intratesticular and paratesticular locations, including one tumor arising from the appendix testis, were reported [4, [95] [96] [97] . The tumors also displayed significant variation in histomorphology. The endometriosis-like lesion consisted of well-formed tubular glands lined by a single layer of bland columnar cells, and surrounded by short spindled stromal cells resembling endometrial stroma. The borderline and malignant endometrioid tumors exhibited either papillary architecture with intracystic villous outgrowths or a solid glandular pattern of proliferation, and both were lined by stratified columnar epithelium with variable degrees of atypia [4, [95] [96] [97] . The case of endometrioid adenoacanthoma also exhibited areas of squamous differentiation with focal keratinization [4] . Immunohistochemically, studies have demonstrated positivity for CK7, PAX8, WT-1, ER, and PR, similar to the immunostaining profile of ovarian endometrioid tumors [96, 97] . The overall clinical behavior and prognosis of testicular endometrioid tumors, particularly adenocarcinomas, is poorly understood; thus far, no instances of metastasis or death from disease have been reported in cases of these malignant tumors.
Clear cell tumors
Clear cell Mullerian-type adenocarcinomas of the testis are exceedingly rare, with only three cases reported to date [48, 98, 99] . Grossly, the tumors appeared as papillary lesions within the testis or arising from the tunica vaginalis. Microscopically, clear cell adenocarcinomas of the testis display similar morphology to their ovarian counterpart, with papillary structures lined by cuboidal to columnar cells with cytoplasmic clearing and focal hobnailing (Figure 2a) . One case described occasional psammoma bodies and hyalinized basement membrane-like material within the fibrovascular cores of the papillae, both also characteristic of ovarian tumors [98] . Immunohistochemical studies demonstrated positive CK7 and negative CK20 staining, as well as positive staining for other epithelial markers including EMA and CAM5.2 [98, 99] . In addition, expression of markers of Mullerian differentiation, including PAX8 (Figure 2b) and CA125, were seen; two cases reported negative staining for ER and PR [98, 99] . The Ki-67 proliferation index is high, reflecting the aggressive nature of this entity [98, 99] . Abbreviations: CK, cytokeratin; ER, estrogen receptor; PR, progesterone receptor; SBTs, serous borderline tumors.
The differential diagnosis of clear cell adenocarcinoma is broad and includes other entities, which may display clear cell changes with papillary architecture. Malignant mesothelioma of the tunica vaginalis is often characterized by a papillary growth pattern and may uncommonly exhibit cells with cytoplasmic clearing, and thus histologically resembling clear cell adenocarcinoma. However, in regards to immunohistochemistry, mesotheliomas express the mesothelial markers, calretinin and D240, while clear cell carcinoma and other ovarian epithelial-type tumors do not [98, 99] . Serous carcinomas may also display clear cell change, mimicking clear cell carcinoma, but typically have more psammoma bodies and characteristic stratification with cellular budding and tufting [98] . One final consideration in the differential diagnosis is metastatic carcinoma, especially renal cell carcinoma; usually, clinical history and imaging can facilitate exclusion of possible metastasis [98] .
The prognosis of clear cell adenocarcinoma is guarded. Two of the reported cases presented with metastatic disease, including pulmonary deposits and lymphadenopathy [48, 98] . One patient underwent radiation with reported resolution of symptoms at five months, while the other patient had a more aggressive disease course and died two weeks following orchiectomy [48, 98] .
Brenner tumors
Eight cases of Brenner tumors of the testis have been described in the literature [8, [100] [101] [102] [103] [104] [105] [106] . Grossly, these tumors usually appear as cystic masses, which may be situated within the testis or in the paratesticular region. Microscopically, Brenner tumors of the testis are essentially identical to their ovarian counterparts; typically, a biphasic architecture composed of nests of transitional-type cells with elongated grooved nuclei within a fibromatous stroma is seen [8] . One case described a malignant component characterized by areas of urothelial and squamous carcinoma with invasion into and involvement of the epididymis and vas deferens. Another case described an associated adenomatoid tumor, which, as discussed previously, provides evidence of a possible mesothelial origin for testicular Brenner tumors, since adenomatoid tumors also arise from mesothelium [101, 106] . Generally, the prognosis of benign Brenner tumors is excellent, as with ovarian Brenner tumors [8] . The only reported case of malignant Brenner tumor reported metastasis to the para-aortic lymph nodes, with the patient still alive two years after diagnosis following intensive chemotherapy [106] .
Prospective
Recent studies on ovarian-type testicular tumors have focused on molecular characterization and the role of adjuvant therapy in treatment, particularly for serous tumors. In the past few years, several studies demonstrated the presence of the BRAF V600E mutation in SBTs of the testis, also seen in SBTs and lowgrade serous carcinomas of the ovary [18, 28, 107] . This finding provides a clear genetic association between testicular and ovarian low-grade serous neoplasms and suggests similar pathogenesis to ovarian SBTs and low-grade serous carcinomas believed to derive from Mullerian metaplasia of surface epithelium [28] . However, while the BRAF V600E mutation has been shown in testicular SBTs, it has not been extensively studied for testicular serous carcinomas. It is possible that the BRAF V600E mutation may be present in low-grade serous carcinomas, but not highgrade tumors,as their ovarian counterparts have a completely different proposed histogenesis (from fallopian tube epithelium) and molecular alterations (TP53 mutations) [28, 107] . In fact, an extensive literature review showed that stratification of testicular serous carcinomas into low-and high-grade tumors is not an established practice as it is for ovarian serous carcinomas [28, 107] . Given the vastly different origins of these tumors and the aforementioned suggestion that low-grade serous carcinomas may constitute a much higher proportion of serous cancers in the testis compared to the ovary, further molecular analysis of testicular serous carcinomas is warranted. Further analysis would not only facilitate sub-classification into low-and high-grade groups but also help elucidate fundamental similarities and differences between the nature of ovarian and testicular serous tumors. Because very few cases of other types of Mullerian tumors in the testis have been described, molecular characterization of such tumors has not yet been reported.
As Mullerian-type neoplasms in the testes rarely occur, experience with various treatment modalities, especially for malignancies, is still very limited. The most widely used practice for benign, borderline, and malignant tumors includes radical orchiectomy. However, Grisantiet al. recently reported a case of SBT managed only with resection of the mass and no orchiectomy, with no evidence of disease after eight years of follow-up [30] . This successful outcome with a conservative treatment approach highlights the indolent nature of testicular SBTs (indeed, no instances of metastasis have been reported in the literature) and suggests that orchiectomy may not always be necessary for the management of these tumors. The role of adjuvant chemotherapy following surgery has been controversial for malignant ovariantype tumors of the testis, with several past studies documenting resistance of serous carcinoma to chemotherapy and radiation [5, 45] . However, a few recently reported cases of serous and mucinous carcinomas have shown response to a carboplatin and paclitaxel-based regimen (a first-line chemotherapeutic regimen for ovarian serous carcinomas), thus demonstrating that these modalities of treatment have similar efficacies against testicular and ovarian tumors [43, 44] . While targeted treatment of ovariantype testicular tumors has not been reported in the literature, studies assessing the efficacy of various targeted therapies in ovarian cancer patients have shown promising results [108, 109] . Nonetheless, future studies incorporating guidelines used in the treatment of ovarian carcinomas will help establish the optimal therapy for testicular ovarian-type carcinomas, and shed more light on the biological behavior of these heretofore relatively obscure entities.
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